Background: cognitive impairment is common among older adults, necessitating the use of collateral sources in epidemiological studies involving this age group. The objective of this study was to evaluate agreement between self-and proxyreports of cardiovascular disorders and diabetes mellitus in a population-based sample of 80-year-olds. Further, both selfand proxy-reports were compared with hospital register data. Methods: data were obtained from the Gothenburg H70 Birth Cohort Studies in Sweden. The study had a cross-sectional design and information was collected through semi-structured interviews in 2009-2012 from participants born in 1930 (N = 419) and their proxy informants. The National Patient Register provided diagnoses registered during hospital stays.
Introduction
The prevalence of memory problems increases with age, and dementia affects almost a fourth of the population at age 85 [1] . Yet it is important to include people with cognitive impairment in population-based studies to attain representative samples. Proxy informants, e.g. relatives, friends or medical staff can provide additional information when memory problems interfere with the individual's ability to report their medical history.
Cardiovascular disorders (CVD) and diabetes are common disorders that increase with age. Ischaemic heart diseases were the leading cause of death worldwide in 2017 and hypertension and hyperglycaemia among the top three risk factors for early death and disability, highlighting the importance to study these disorders [2] . However, few studies [3] [4] [5] have evaluated information from proxy informants regarding CVD and diabetes in population-based samples of older adults even though proxy-reports in these age groups often are needed to reduce missing information and selection-bias [6] . To our knowledge, only one study has compared self-and proxy-reports for CVD and diabetes among the very old (80+), where cognitive impairment is common. Also, degrees of agreement between self-and proxy-reports varies depending on the disorders investigated both in younger and older cohorts [3, 4, 7] , necessitating studies on specific disorders.
Previous studies on older adults (65+) have found an almost perfect agreement for diabetes [3, 4] and substantial agreement for myocardial infarction, angina, and hypertension [3, 4] . The Hispanic Established Population for the Epidemiological Study of the Elderly (HEPESE) compared self-and proxy-reports among the very old (80+), and found an almost perfect agreement for diabetes, substantial agreement for myocardial infarction, and slight agreement for hypertension [5] . When comparing self-reports with medical records and registers in community or populationbased samples, agreement also varies between disorders [8] [9] [10] [11] [12] [13] [14] [15] . While agreement is reported to be substantial to almost perfect for diabetes in both younger and older age groups [8] [9] [10] [11] [12] [13] , it tends to be lower (moderate to substantial) for hypertension [9, 10, [12] [13] [14] [15] . For claudication, agreement has been fair [9] . A wide range of agreement [8, 10, 11] is reported when treating heart disease as a single entity. Studies examining specific cardiac diseases found moderate to substantial agreement for myocardial infarction [9, 12, 14] , slight to moderate for heart failure [12] [13] [14] , and substantial for angina [9] .
The objective of this study was to evaluate agreement between self-and proxy-reports of cardiovascular disorders and diabetes mellitus in a population-based sample of 80-year-olds. In addition, we tested validity of proxyreports using self-reports as gold standard. Further, both self-and proxy-reports were compared with hospital register data.
Methods Sample
Data from self-and proxy-reports were obtained from the Gothenburg H70 Birth Cohort Studies in Sweden, which has been described previously [16, 17] . In short, the H70-study started in 1971, where 70-year-olds living in Gothenburg were selected from the Swedish population register based on birth date and followed-up over time. Since then, new cohorts of older adults have been included. The present study has a cross-sectional design and participants were born in 1930 on dates 2, 3, 5, 6, 11, 12, 16, 18, 20, 21, 24, 27 or 30 of each month and examined at age 79-81. Data from participants and proxy informants were collected in [2009] [2010] [2011] [2012] . The study population (see flow chart in Appendix 1), comprised 662 participants (62% response rate), and 475 of these (72%) had data from both self-and proxy-reports on at least one of the seven disorders investigated (i.e. myocardial infarction, angina, claudication, heart failure, atrial fibrillation, hypertension, and diabetes). We excluded participants with dementia (n = 42). In some cases, the participant interview was augmented with additional information from medical records, relatives or other sources (n = 14). These were also excluded, leaving 419 participants with proxy informant reports.
The study was approved by the Regional Ethics Committee for Medical Research at the University of Gothenburg. Informed consent was obtained from all participants, their relatives or both.
Procedures
Participants were interviewed by research nurses or physicians at the memory clinic at Sahlgrenska University Hospital in Gothenburg. If declining examination at the outpatient clinic, home visits were offered. Information on diabetes and CVD was collected through semi-structured interviews. The questions were phrased 'Has a doctor or nurse ever told that you have or have had …?' Tests of mental functioning (e.g. memory, language, visuospatial and executive abilities, and apraxia), the Mini Mental State Examination [18] , and the Alzheimer's Disease Assessment Scale [19] were included.
Participants provided contact information for proxy informants, who were interviewed by telephone by health professionals. The semi-structured interviews included questions about changes in behaviour, cognitive function, psychiatric symptoms, and activities of daily living. Also questions about diabetes and CVD were included. These questions were phrased 'Has he/she or has he/she had any of the following disorders…? ' The diagnosis of dementia, based on information from cognitive tests and proxy-reports, according to the Diagnostic and Statistical Manual of Mental Disorders, third edition revised (DSM-III-R), was only used as exclusion criteria [20] .
Hospital discharge diagnoses were obtained from the National Patient Register (NPR), using codes from ICD-8, ICD-9, and ICD-10. All Swedish inhabitants have access to health care in Sweden and therefore equal chances to be in the NPR. The NPR was initiated in 1964 and attained full national coverage in 1978 [21] .
Statistics
Prevalence figures regarding specific disorders were reported for self-reports, proxy-reports, and the NPR based on persons with both self-and proxy-reports. Differences in prevalence for self-report compared to proxy-report and the NPR were analysed with McNemar's test. To measure agreement between self-and proxy-reports, overall agreement, P o = (a + d)/n, as well as positive agreement, which measures the probability that one rater will classify the disease as present if the other rater has also done so, P pos = 2a/((a + c)+(a + b)), and negative agreement, which measures the probability that one rater will classify the disease as absent if the other rater has also done so,
, were calculated (Appendix 2). Also, Cohen's Kappa (K) was calculated, which measures agreement beyond chance [22] . Kappa values were interpreted as slight between 0 and 0.20, fair between 0.21 and 0.40, moderate between 0.41 and 0.60, substantial between 0.61 and 0.80, and almost perfect between 0.81 and 1.0 [23] .
Self-reports are often used in epidemiological studies [6] and to test validity for proxy-reports compared to selfreports, sensitivity, specificity, positive (PPV) and negative (NPV) predicted values were calculated, using self-reported information as gold standard. Since self-report is not a perfect information source, we compared self-and proxyreports to a third source of information, the NPR, using Kappa statistics. Also, sensitivity was calculated to identify the proportion of diagnoses in the NPR that was identified by self-and proxy-reports. Statistical analyses were performed with R 3.4.2.
Results
Among participants (N = 419), mean age was 80.2 years (SD 0.2), 63% (n = 262) were women, half had education beyond compulsory (i.e. more than 7 years), and mean MMSE score was 28.5 (SD 1.4). Among proxy-informants, 71% (n = 298) were women and 35% (n = 136) were living together with the participant. Regarding the proxy informant´s relationship to the participant, 35% (n = 146) were partners, 52% (n = 217) were children, 6% (n = 25) were siblings, and 7% (n = 31) had another type of relationship (Appendix 3).
The prevalence of CVD and diabetes according to different information sources is given in Table 1 . Self-and proxy-reports showed similar prevalence figures for all conditions, except hypertension, which was more common according to self-reports. The NPR yielded lower prevalence figures in comparison to self-reports for all conditions, except myocardial infarction and angina, where prevalence figures were similar. Table 2 shows agreement between self-and proxyreports. Overall and negative agreement were 90% or above for all disorders except hypertension (P o = 81% and P neg = 78%). Positive agreement was lower than negative agreement for all conditions except hypertension (83%), and varied substantially between disorders (41-83%), with the lowest level of positive agreement for claudication and heart failure. Kappa values were substantial for myocardial infarction (K = 0.75), angina (K = 0.73), atrial fibrillation (K = 0.61), hypertension (K = 0.62) and diabetes (K = 0.79) and fair for claudication (K = 0.38) and heart failure (K = 0.40). Table 3 shows sensitivity, specificity, PPV, and NPV for proxy-reports compared to self-reports. Proxy-reports had high specificity and NPV for all conditions, except NPV for hypertension (67%). Sensitivity and PPV varied considerably among disorders. The highest sensitivity (i.e. the proportion of self-reported conditions detected by proxy informants) was found for diabetes (78%) and myocardial infarction and hypertension (73%), and the lowest was found for heart failure (45%) and claudication (35%). The highest PPV (i.e. the proportion of proxy-reports that was Agreement between self-reports, proxy-reports and the National Patient Register confirmed by self-reports) was found for hypertension (95%), angina and diabetes (84%), and myocardial infarction (82%) and the lowest was found for claudication (46%) and heart failure (44%).
To calculate the proportion of hospital register diagnoses that were captured by self-and proxy-reports, sensitivity for self-and proxy-reports was calculated using the NPR as gold standard. Kappa values were calculated to compare self-and proxy-reports with the NPR (Appendix 4). Claudication was excluded due to few cases in the NPR. Sensitivity was 70% or more for all disorders regarding self-reports except for heart failure (67%). Regarding proxy-reports, sensitivity was over 70% for all disorders, except angina (64%) and atrial fibrillation (69%). Thus, a large proportion of the participants and proxy informants reported the condition if present in the NPR. Atrial fibrillation showed the largest difference regarding sensitivity between self-and proxy-reports compared to the NPR, with higher sensitivity for self-reports than proxy-reports. Regarding agreement for self-and proxy-reports compared to the NPR, the only disorder in this study where all patients are expected to receive inpatient treatment is myocardial infarction. The Kappa value for myocardial infarction was substantial for both self-reports (K = 0.74) and proxy-reports (K = 0.73) compared to the NPR.
Discussion
In a population sample of 80-year-olds, we found substantial agreement between self-and proxy-reports for diabetes, atrial fibrillation, myocardial infarction, angina, and hypertension, but only fair agreement for claudication and heart failure. Our findings suggest that proxy informants can provide reliable information, at least for well-defined disorders.
The Kappa value for hypertension was 0.62, which is in line with most studies on older adults (K = 0.64-0.67) [3, 4] , except the HEPESE study in the very old where Kappa for hypertension was 0.07 [5] . For diabetes, agreement was higher (K = 0.79), which is consistent with previous studies (K = 0.86-0.94) [3, 4] . Also, agreement for myocardial infarction (K = 0.75) and angina (K = 0.73) were consistent with previous studies (K = 0.67 and K = 0.72). Heart diseases are sometimes treated as one group, [4, 24] which could be a problem according to our results, since agreement differed substantially between cardiac diagnoses. However, only studying Kappa for agreement has been criticised since it is hard to interpret [25] [26] [27] , e.g. the prevalence of disorders impacts Kappa, resulting in a paradox where overall agreement is high but Kappa low at high and low prevalence figures [27, 28] . Our prevalence figures for myocardial infarction, diabetes, and angina were similar to other studies in older adults, except HEPESE reporting higher prevalence of diabetes. However, our prevalence figure for hypertension (63.5%) differed from other studies that reported prevalence figures of 41.7% [4] , 32.7% [3] , and 98% [5] . The low Kappa for hypertension in the HEPESE study might be explained by the high prevalence (98%), since they found high overall agreement (94%) despite low Kappa (K = 0.07) [5] .
In our study, myocardial infarction, angina, and diabetes had high overall (94-96%), positive (76-80%), and negative Table 3 . Sensitivity, specificity, positive predicted value (PPV), and negative predicted value (NPV) for proxy informants, using self-reports as gold standard Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI) L. Rydén et al.
agreement (97-98%), as well as substantial Kappa values (0.73-0.79). Atrial fibrillation follows the same pattern, with somewhat lower number for the different indices. Claudication and heart failure on the other hand, had fair Kappa values despite high overall agreement. The disagreement for claudication and heart failure was found among the positive answers. To further analyse the disagreement among the positive answers, we calculated the proportion of self-reports that was identified by proxy informants, i.e. sensitivity, and the proportion of proxy-reports that were confirmed by self-reports, i.e. PPV. Both sensitivity and PPV were lower than 50% for claudication and heart failure, suggesting that proxy-reports are poor predictors for self-reports regarding these disorders. One reason for this could be low knowledge about these disorders in the community. It has for example been shown that awareness in the general population is lower for heart failure than for other heart conditions [29] . Myocardial infarction, hypertension and diabetes were the self-reported disorders most often detected by proxy informants, with a sensitivity of 73-78%, meaning that one fourth of the cases were missed. PPV was high for these disorders, meaning that 82-95% of the cases reported by proxy informants were confirmed by self-reports. The finding that negative agreement was high is expected in population-based studies where prevalence figures are relatively low. Hypertension differed from the other disorders with its higher prevalence and lower negative agreement. In our study, it was possible to compare both self-and proxy-reports with a third source, the NPR, which has high numbers of correct diagnoses, with PPV between 85 and 95% for most diagnoses compared to external sources, mainly medical records [21] . On the other hand, sensitivity for the NPR compared to external sources varied substantially between disorders, e.g. high sensitivity for myocardial infarction and low sensitivity for hypertension [21] . Myocardial infarction was the only disorder in our study where all patients were expected to be treated as inpatients. Agreement for myocardial infarction was substantial for both self-and proxy-reports compared to the NPR. Regarding the other disorders studied, we take note of the fact that a large proportion of those with hospital diagnoses were detected by self-and proxy-reports.
Other researchers report both under-and over-reporting by proxy informants in relation to self-reports [3, 4, 30] . In our study, only the prevalence of hypertension was lower for proxy-reports compared to self-reports. The NPR had lower prevalence for all conditions, except myocardial infarction and angina, compared to self-reports, illustrating that this source often underestimates the occurrence of disorders.
Strengths of the study include the population-based sample, that interview questions were posed by health professionals, and the possibility to differentiate between specific cardiac disorders. The possibility to compare self-and proxy-reports with the NPR is a further strength. There are also limitations. First, only participants with proxy-reports are included, which may hamper representativeness. Second, it was not possible to compare medical severity.
Third, there are problems with the NPR such as diagnostic and coding errors and selection biases, e.g. persons not seeking medical care are not captured in the register. Many of the disorders investigated are treated in primary care and therefore not included in the NPR [21] . Fourth, the study only included 79 to 81-year-olds living in Gothenburg which may limit generalisability to other age groups and settings.
In conclusion, proxy-reports can be an important source of information in epidemiological studies where self-reports are difficult to obtain, at least for well-defined disorders such as myocardial infarction, angina and diabetes. The use of proxy informants can reduce the amount of missing information and increases representativeness in studies. However, even though agreement was high for these disorders, still 20-30% of the self-reported diagnoses were missed, indicating that caution is needed when using proxyinformants in clinical settings where adequate reporting of disorders are essential.
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